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Summary: Intertidal surface sediments (0-10 cm) of the tidal River Tinto are highly 
polluted by heavy metals. Mean values of Zn (1814 mg/kg), Cu (2196 mg/kg), Pb (4241 
mg/kg), Mo (41 mg/kg), Hg (11 mg/kg) and Cd (12 mg/kg), are respectively 19,49,212, 
16,61 and 55 times higher than the natural background. Values of Cd and Hg are of the 
same order or higher than those for sediments of the most polluted estuaries in the world. 
Heavy metal contents in crease seawards and with the pelite, TOC and Kjeldhal-N contents. 
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INTRODUCTION 
The upper River Tinto runs through a mining region belonging 10 the so-caJled Iberian 
Pyrite Belt, in which there have been míning activities from times immemoriaJ. Because of 
erosion and mining the Tinto waters are acidic (pH 3-4) and highly polluted by heavy 
metals. In its lower part the Tinto widens to form the so-called ría del Tinto. The ría is a 
tidal zone of ca. 18 km which receives the outflows of different industries. FinalIy, the 
Tinto joins the River Odiel to form the Padre Santo Canal which flows into the Atlantic 
Ocean 15 km downstream from the confluence (Fig. 1). 
This work is a first attempt to the characterize the intertidal surface sediments of the ría del 
Tinto. 
MATERIALS AND MBTHODS 
The present study was carried out along the 18 km of the ría. Surface sediments (0-10 cm) 
were sampled in the intertidal zone at 36 sampling sttes located on both river banks and in 
the istand existing on tbe ría (Fig. 1). 
Sediment cores were collected using PVC tubes of 40 mm 1. D. and frozen to -190C. 
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Figure l. The tidal River Tinto and sampling sites. 
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Cores were thawed, extruded and sectioned into 10 cm long portions. The first 10 cm 
portions were used in this study. Sectíons were dried at 105 oc for 24 h and crushed. Grain 
size distribution 1, total organic carbon (TOC)2, Kjeldhal-N3 and total content of heavy 
metal s were determined in the dry samples. Manganese, Zn, Cu, Pb, Ni, Mo, Cr and Cd 
were determined by flame AAS and Hg by cold vapor AAS in the extracts resulting from 
treating the samples wíth H202 and three successive leachíngs with a mixture of conc. 
HCI/HN03 10: 1 (v Iv) at 1()()..1100 c.4 
RESULTS AND DISCUSSION 
According to the lithological c1assification of Shepard5, the prevailing sediments were 
sand-silt-c1ays and c1ayed sílts (14 and 17 samples respectívely), while there were 4 silty-
sands and 1 sandy-silt Fifty-eight per cent of the samples had more than 75 % of pelite 
(fraction <63 mm), 31 % had 50-75 % of this fraction, and the remaíning 11 % had 25-50 %. 
Samples no. 6, 8, 9 and 15 had more than 40% of sand. 
Total organic carbon (TOC), Kjeldhal-N and heavy metal contents were highly variable 
among the sampling sítes and followed a similar trend throughout the sampling area (Table 
1, Fig. 2). This vari a bilit y can be explained by the variability of the texture of the 
sediments: positive and negative picks were generaly related to the highest contents of 
pelite and sand respectively in the sediments. Mean, maximum and mínimum values for all 
the heavy metals (Table 1), except Mn, Ni and Cr, were higher than the values in the 
average fossil shale6, used as background. Concentrations of Mn and Ni in the sediments 
were always below the background, while only 33 % of the individual values of Cr were 
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Table 1 
Values of total organic carbon (TOe), Kjeldhal-N, total heavy metals and PLI 
in sediments and the average fossil shale. 
fossil Concentration factor 
l1ean l1in. l1ax. shale l1ean lIin. !faX. 
TOe (%) 2.43 10-3 4.57 
Kjeldhal-N (%) 0.18 10-4 0.36 
!In (mg kg-1) 132 27 342 850 0.16 0.032 0.40 
Zn (mg kg-1) 1814 244 5030 95 19.1 2.57 52.3 
Cu (mg kg-1) 2196 400 4415 45 48.4 8.89 98.1 
Pb (mg kg-1) 4241 281 10400 20 212 14.1 520 
Ni (mg kg-1) 30 8 56 68 0.45 0.12 0.82 
lIo (mg kg-1) 41 10 100 2.6 15.9 3.85 38.5 
Cr (mg kg-1) 77 23 169 90 0.85 0.25 1.9 
Hg (mg kg-1) 11 0.36 35 0.18 61 2.0 194 
Cd (mg kg-1) 12 2.0 40 0.22 55.1 9.09 182 
PLI 8.69 1.53 14.3 1 
higher than the background. Mean concentration factors (CF=conc. of metal in 
sediment/conc. of metal in the average fossil shale) ranged from 0.16 for Mn to 212 for Pb, 
although values as high as 520 for Pb were found. Low CF values for Mn, Ni and Cr cannot 
be explained by the incomplete recovery by HClIHN03 digestion, since the recovery by 
this digestion method was found to he 90-99 % for Zn, Cu, Ph, Ni, Mo, Cr and Hg, and 75 % 
for Mn, compared with that found by HF-HN03-HCI04 attack. Low values for Mn, Ni and 
Cr in sediments of the same zone were also found by Pérez et al. 7 
Concentrations of Zn, Cu, Pb, Ni, Cr, Hg and Cd in the total sediments of this area were of 
the same order or even higher than those for total sediments in estuaríes that receive the 
outflows of mining areas in the European Community. 8 Indeed, the Cd mean value (12 mg 
kg-]; CF=55.1) was higher than those for sediments considered very polluted (CF= 10-12) 
in European Community estuaríes8, and the mean value for Hg (11 mg kg- l ) was higher 
than the mean value for total sediments of the Tagus estuary (Portugal) (3.5 mg kg- I ), 
which it is considered one of the most polluted of the world8. 
To evaluate and compare the metal pollution in the sampling sites, a Pollution Load Index 
(PLI)9, was calculated: 
PLI=[CF(Mn)xCF(Zn)xCF(Cu)xCF(Pb)XCF(Ni)XCF(Mo)xCF(Cr)XCF(Hg)XCF(Cd)]I/? 
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Figure 2. Spatial distribution patterns of TOe, Kjeldhal-N, heavy metals and 
PLI in the tidal River Tinto. 
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Table 2 
Significance levela of correlation coefflcients among variables. 
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NS /not-slgnificant; "/P 0.05; .... ,p 0.01; ...... ,p 0.001. 
All the correlation coefficients were positive. 
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PU values were greater than J (the value for the average fossil shaJe) (Table 1) and 
followed a trend very similar to that for TOC and Kjeldhal-N, showing negatíve and 
posítive picks related with the highest sand and pelite contents respectively (Fig. 2). lt was 
observed that PLI values tended to increase seawards in the tlrst 10.8 km (from sampling 
si te 1 to 20) and remain approximately constant (mean value 11.1 ,standard deviation 3.03) 
from sampling site 21 upwards, when the river begins to widen. This fact can be related to 
the differences in the water characteristics of these twO zones. In samplings carried out 
during 1990, pH and electrical conductivity (EC), in the first zone (2.5"6.9; 3.2-42 dS m"l) 
were generally lower than in the second one (6.0-7.4; 43-48 dS mol), while the heavy metal 
contents were 8-40 times higher in the first zone l0. 
Table 2 shows the significance levels of the correlation coefftcients among the variables. 
There were positive correlations between the distance oí' the sampling sites to the na 
mouth and the pelite, Toe, Kjeldhal-N and heavy metal contents, except for ed, and PU. 
Also the pelite content was positively correlated with all the variables, except Cd. TOe and 
Kjeldhal-N was positively correlated with heavy metal content and pu. With some 
exceptions, the contents of heavy metals were intercorrelated. 
These results seem to indicate that pelite and organic matter (TOe and Kjeldhal-N) play an 
important role in the content of heavy metals of the sediments and their distribution. This 
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faet eould explain the anomalous trend of the heavy metal eontents of these sediments, 
whieh inerease seawards, as do pelite, TOC and Kjeldhal-N, instead of deereasíng, as is 
often the case in estuaries. 8,11 Similar results were found by AlIen 12 in the Severn estuary 
in which the inerease of Zn and Pb was related to the increase of the fracúon < 10 mm. 
It is interesting to emphasize the high positive correlations between PLI and pelite, TOC, 
Kjeldhal-N and distance, which would allow the evaluation of heavy metal poIluúon of the 
sediments of this zone through the determination of these four parameters. 
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